A central milestone in the search for high temperature Fe-based superconductors (FeSCs) 1,2 is the determination of pairing gap symmetry. [3] [4] [5] [6] Currently, the commonly presumed gap structure for FeSCs is sign reversing s+-pairing, which results from interband scattering between hole pockets around Γ point and electron pockets around M point in the Brillouin zone (BZ). 3, 7 This mechanism, however, presents a conundrum in the recently discovered single layer FeSe/SrTiO3
(STO) with the highest superconducting temperature (TC) to date amongst all FeSCs. [8] [9] [10] Due to charge doping from the substrate, the Fermi surface of FeSe consists of only electron pockets centered at M, with the states at Γ completely pushed below the Fermi level. [11] [12] [13] [14] Clearly, this poses a challenge for pairing theories that involve both pockets. 3, 9 While plain s-wave pairing was suggested based on earlier angle-resolved photoemission spectroscopy (ARPES) observations and scanning tunneling microscopy/spectroscopy (STM/S) measurements of quasiparticle interference (QPI), 11, 15 recent ARPES measurements indicate gap anisotropy. 16 This anisotropy is naturally explained by a nodeless d-wave state, for which the observed gap minima are a manifestation of nodes that have not formed. 17 However, gap anisotropy is not a robust probe of pairing symmetry and direct confirmation of any pairing symmetry by phase sensitive measurements is sorely needed. 3 One such approach is corner junction measurements, 18, 19 which have revealed d-wave pairing in YBa2Cu3O7-δ. However, this is challenging for the single layer FeSe system, because the interfacial Josephson current will be suppressed for all states except a plain s-wave state due to gaps of opposite signs on different bands. Alternatively, QPI measurements using STM can provide phase sensitive information, however, if the atomic impurities are located at the top surface atomic plane, such scattering may not provide sufficient information on the pairing symmetry. 9, 20 Furthermore, recent model calculations of QPI patterns near a magnetic impurity in single layer
FeSe indicate that when the spin-orbit coupling is smaller than the superconducting gap, they appear as s-wave, even though the pairing potential is d-wave.
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Within weak-coupling theory, 22 quasiparticle scattering at the boundary of a superconductor is determined by the symmetry of the order parameter (OP) and hence provides another avenue to probe the pairing symmetry. 23 For example, a superconducting OP with phase changes can lead to antiphase interference and suppress superconductivity at the boundary for certain orientations. 23 This effect can be described by the de Gennes extrapolation length b, 24 which reflects the spatial evolution of the OP near the boundary ( Figure 1a ). 25 For example, for elastic scattering off a specular edge in two-dimensions, the vector is always perpendicular to the edge (see Supporting
Information Figure S1 ). Thus, b depends critically on the orientation of the boundary for d-wave states within the gap. [32] [33] [34] [35] As summarized in Table 1 Figure S5 ) and earlier work. 8, 36 In the second case, the FeSe films exhibit randomly oriented high-contrast grain boundaries, as shown in Figure 2c , where there is a 1/2 unit cell offset along the [010]Fe direction but no missing atom rows (see Supporting Information Figure S6 ). This difference in topography is likely due to different post-annealing conditions, and/or the FeSe/STO interfaces. 15 The superconducting gap of this type of sample is also slightly smaller than that of FeSe #1 ( Figure S3a We note that the weak-coupling theory previously developed for the extrapolation length is for single band systems, 22 while single layer FeSe is multiband. 17 This feature does not usually qualitatively alter the theory. However, the fact that two bands have energy differences less than the gap energy in some momentum-space directions is a new feature and gives rise to an interband pairing that leads to the nodeless gap. 17 In the calculations of the extrapolation length, such an interband is not considered and may play a role a role in FeSe. However, once the band splitting is greater than the gap energy, only intraband pairing is important and the usual theory can be used.
This applies to most of the Fermi surface of single layer FeSe, except a narrow range near where the nodes should have been. Hence the nodeless d-wave order parameter will have sign changes as in earlier theories and the pairing symmetry analysis from the extrapolation length can be applied to our experiment.
Furthermore, the fact that b is much larger than coherence length (~3.2 nm 15 ) can also be explained by the nodeless d-wave pairing model. 17 Here the interband interaction in the region near the node opening is responsible for the nodelessness and should be considered as a correction to the intraband interaction. It weakens the overall intraband antiphase interference, 23 resulting in weaker pair breaking and hence longer extrapolation length.
As discussed above, a nodeless d-wave pairing can also give rise to in-gap states at finite energies for specular [110]Fe edges, in contrast to the usually expected zero energy states for a nodal d-wave superconductor. 32, 39 Single layer FeSe has a multiorbital Fermi surface. On the
[110]Fe edges, orbital mismatch during the scattering leads to the formation of in-gap states which are not at the Fermi level. 16, 32 This is confirmed by the presence of a finite energy bound state in the numerical energy spectra for this orientation. 39 Comparison to the expected signatures of several proposed pairing symmetries in Table 1 The pair breaking effect should also be sensitive to the roughness of the edge. 23 In the presence of nanoscale disorder, the scattering angle cannot be precisely defined as it will be a mixture of resolved dI/dV spectra as in Figure 3d , normalized by subtracting the spectrum 1.
